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[57] ABSTRACT

The various air motors of a rock drilling rig are supplied
with oil through oil lines which are furnished with
predetermined metered oil flows from positive displace-
ment pumps that are operated in synchronism with each
other by an air operated oscillator. There is a normally
closed shut-off valve in each oil line. The respective
shut-off valve is opened when the respective air line is
pressurized. When a shut-off valve is closed, the respec-
tive metered oil flow escapes through a pressure relief
valve.

12 Claims, 4 Drawing Figures
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METHOD AND SYSTEM OF LUBRICATING A
PLURALITY OF COMPRESSED AIR OPERATED
DEVICES - |

BACKGROUND OF THE INVENTION AND
OBJECT OF THE INVENTION

This invention feldtes to a method "of lubricating a
plurality of compressed air operated devices, for in-
stance motors, that are independently supplied with
compressed air. The invention relates also-to a. lubrlcant
furnishing system: for carrying ouf the method."

The most common way of lubricating compressed air
consuming devices —for instance the devices of a rock
drilling rig —is to add the lubricating oil to the com-
pressed air by ‘means of venturi nozzles that are con-
nected upstream of the supply valves that control the
air to the compressed air consumers. On practical
grounds, the supply valves must be located at a distance
from the consumers and this fact alone, makes the lubri-
cation ununiform. Still more ununiform it will be if two
or more consumers have a common supply valve,
which is not unusual. Further, one inherent disadvan-
tage of the venturi principle of lubrication 1s that the
lubricant is added substantially in proportion to the
amount of air consumed. Therefore, there must be an
average over-supply of lubricant in order to provide
adequate lubrication always. It has been suggested in-
stead to use a piston pump integral with an oscillating
compressed air piston motor for each consumer. This
piston pump is then powered by air from the supply line
of the consumer for instance the supply line of the rock
drill, and it starts therefore automatically when the rock
drill is started. Not only is it expensive to use a pump
with motor for each device that is to be:lubricated but
the lubrication will be ununiform since the pressure in
the supply line of for instance a rock drill mounted on a
rock drilling rig usually varies substantially so that the

:-‘:I!. -l ¥ 1 - -
‘s b -

drive pressure of the compressed air actuated plston of

the lubricator will also vary.

It is an object of the invention to make possible a
more precise and accurate dispensing of lubricant to
compressed air powered devices than has been possible
hitherto. To this end, the invention has been given the
characteristics stated 1 in the claims. |

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11s a dlagrammatlc representation of a system
for lubricating various air consumers, for mstance the

air consumers of a rock drilling rig.
FIG. 2 is a section taken along the line 2—2 in- FIG

1 through a positive dlSplacement lubricant pump and

its actuatmg motor.

- FIG. 3 is an enlarged view of some details of FIG. 2.
- FIG. 4is a section through one of a plurality of valves

that are schematically shown in FIG. 1.

DETAILED DESCRIPTION OF ILLUSTRATED
EMBODIMENT

In the system shown in FIG.:1, various air consumers
11-16 are shown by symbols. They are supphied with
compressed air through supply conduits 17-22 that are
controlled by supply valves 23-28. The air consumers
11-16 may symbolize the various air consumers on a
rock drilling rig. The motors for moving the drilling ng
can be symbolized by 11, the feed motor for a rock drill
by 12, the impact motor of the rock drill by 13, the
rotation’ motor of the rock drill by 14, an air motor for
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driving a generator unit by 15 and an air motor for
driving an hydraulic pump by 16. Five piston pumps
29-33 for lubricating oil are driven in synchronism with
one another by means of a common actuator device 34
and they deliver oil to oil conduits 35-39. Each oil
conduit 36-39 leads to a respective one of the air supply
conduits 19-22 whereas the oil conduit 35 1s branched
into branches 40,41 that lead to the air supply conduits
17 and 18 respectively. In each of the conduits 36-39
and 40 and 41 there is a valve 42-47 that senses the
pressure in the respective air supply conduit 17-22 and
opens to permit passage of oil to the air supply conduit
only when the latter is pressurized. A one-way check
valve 48-52 is connected to each oil conduit 35-39 and
these check valves are connected to a common, conven-
tional, adjustable, spring loaded pressure relief valve §3.
Thus, the check valves 48-52 operate as back pressure
controlled pressure relief valves, the back pressure
being defined by the common pressure relief valve 53.

One of the identical valves 42-47, the valve 47, is
shown in detail in FIG. 4. It has an elastic membrane 54,
for instance a rubber membrane, that is forced against a
seat 56 by means of a spring loaded piston §8. The circu-
lar edge of the membrane 54 is sealingly clamped
against the valve body by means of a sleeve 61. The
spring has been given the reference numeral §7. The
coil conduit 39 ends with a passage 58 into the seat $6.
The passage 58 ends with such a small area in the seat 56
that the oil pressure in the conduit 39 (this oil pressure
being defined by the pressure relief valve 53 and being
substantially higher than the air line pressure) is not able
to overcome the spring 57. Thus, the oil pressure cannot
lift the membrane 54 off the seat 56. Around the seat 56,
there is formed an annular chamber §9 that is in connec-
tion with the air supply conduit 22 by means of a pas-
sage 60. The membrane 54 has so large an annular sur-
face towards this chamber 60 that the air pressure lifts
the membrane off the seat 56 when the supply conduit
22 1s pressurized so that oil can freely flow from the oil
conduit 39 to the air supply conduit 22. The valve 47 is
again closed when the supply valve 28 is closed and the
conduit 22 is vented through the air motor 16. The
membrane should be off its seat at an air pressure of
about 1 bar above atmospheric pressure in order to
provide proper lubricatton of a free-running air motor.
It is an advaﬁtage as to reliability that the shut-off valve
47 operates In response to the pressure and not in re-
sponse to the flow.

In FIG. 2, the pump 31 and its actuating device 34 are
shown in longitudinal section. The pump has a housing
92 forming a cylinder 63 and a plunger 64. It is supphied
with oil through a feed conduit 65 and it forces oil out
through the conduit 37 via a check valve 66. The hous-
ing of the actuator 34 is divided by a partition 67 into a
cylindrical air portion 68 and a cylindrical hydraulic
portion 69. The piston rod 70 has a piston head 71 in the
air portion and a piston head 72 in the hydraulic por-
tion. The piston head 72 has through passages 73 pro-
vided with a common check valve in the form of a plate
74. The two cylinder chambers 75, 76 formed in the
hydraulic cylinder are in communication via a conduit
that is provided with a variable restriction 62 and forms
a damping circuit.

The piston head 71 in the air portion separates a cylin-
der chamber 77 to the left thereof in FIG. 2 from a
cylinder chamber 78 to the right thereof, and the cylin-
der chamber 77 1s supplied with compressed air through
a supply conduit 79. As 1s best shown in FIG. 3, the
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piston head 71 has three axial bores through which
three rods 80 slidably extend. The rods 80 unite two end
plates 81, 82. The rods have axial recesses 83. The piston
head 71 has three passages 84 that lead to a passage 85
that extends out through the piston rod 70 to the atmo-
sphere.

The device that is formed by the end plates 81, 82 and
the rods 80 are limitedly axially slidable relative to the
piston head 71 as a rigid unit. It forms a valve that
makes the piston head 71 and the piston rod 70 recipro-
cate. The piston head 71 is biased to the left in FIGS. 2
and 3 by means of a spring 86. Assuming that the piston
head 71, and with it the piston rod 70 and the piston

head 72, has been moved to its left position as indicated
in FIGS. 2 and 3 by the action of the spring 86, the end

position is defined by a rubber element 87 against which
the end plate 81 rests. Then sealing rings 88 around the
rods 80 block the passages 83 between the cylinder
chambers 77, 78 at the same time as the cylinder cham-
ber 78 is vented through the passages 84, 85. Thus, the
piston 71 moves to the right in the figures and this
movement is transmitted to the plunger 64 by means of
a lever 89. This movement of the piston 71 to the right
in the figure is not damped since the check valve 74 in
the hydraulic portion is open. Then, when the other end
plate 82 abuts against an annular rubber element 90,
sealing elements 91 block the passages 84 at the same
time as the passages 83 is opened so that the cylinder
chamber 78 becomes pressurized. The cylinder cham-
ber 77 is constantly pressurized. Then the spring 86
returns the piston head 71 to its left end position shown
in the figures and another work stroke starts in the way
described. During the return movement of the piston 71
its velocity is controlled by the hydraulic damping cir-
cuit that includes the adjustable restriction 62. The
plunger 64 joins the piston 71 in the return movement
because of the pressure in the oil supply conduit 6§
acting on annular shoulders 92.

Thus, the frequency of the pumps is defined by the
easily adjustable restriction 62 of the hydraulic damping
circuit. Since this restriction controls the velocity of the
return stroke whereas the work stroke is effected by a
spring 86, the time for a return movement will be inde-
pendent of variations in the pressure of the drive air.
The work stroke 1s undamped by the hydraulic circuit
62 and its velocity will depend on the drive pressure,
but since the work stroke is normally several times as
fast as the return stroke that is controlled by the damp-
ing circuit 62, variations in the drive pressure will only
slightly affect the frequency of the actuator 34. Thus,
the actuator 34 is an adjustable oscillator, the frequency
of which is only negligibly influenced by the variations
in the pressure of the drive air. It has been found that a
frequency higher than about 10 pump strokes per min-
ute should be used. At lower frequencies, the oil con-
sumption must be increased in order to provide ade-
quate lubrication. Preferably, the pumps are dimen-
sioned so that the frequency can be held above 0.5 Hz
when used to lubricate rock drills.

In the example rock drilling rig, the actuator 34 is
advantageously connected to start its reciprocation as
soon as the main supply valve (not illustrated) of the rig
is opened. This means that the five pumps 29-33 recip-
rocate in synchronism and continously deliver oil flows
to the respective conduits 35-39. These metered flows
are defined by the frequency-of the oscillator and the
lubricant flows out through the pressure relief valves
48-52 and through the single pressure relief valve 53 to
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tank if the valves 42-47 are not open. The oil pressure
defined by the pressure relief valve 53 should be higher
than the pressure of the drive air and preferably it
should be several bars higher.

The motor 11 for moving the rig and the feed motor
12 for feeding the rock drill along its guide can be con-
nected to the same pump 29 without disadvantage since
these motors will never be used simultaneously. There-
fore, the pump 29 can be regarded as associated either
with the motor 11 for moving the rig or with the feed
motor 12, but it can never be associated with both mo-
tors simultaneously. The various pumps can have differ-
ent capacity by having different cylinder diameters and

different length of their plunges.
The auto-controlled oscillating actuator 34 need not

directly mechanically drive the pumps 29-33 as shown
but the pumps can be driven by a simple air-powered
membrane actuator or air-powered cylinder that is con-
trolled by a valve, that is controlled by the oscillator 34
which shifts the position of the valve. A combined sys-
tem can also be advantageous in which the actuator 34
mechanically drives for instance five pumps as shown
and described but also shifts the postion of a valve that
controls one or more air cylinders that drive a group of
pumps each. When an air cylinder or membrane actua-
tor 1s used to drive a group of pumps, instead of being
controlled by an air-powered oscillator, it can alterna-
tively be controlled by a solenoid valve that in turn is
controlled by a conventional electric pulse unit, the
frequency of which can be adjusted.

It 1s not necessary that lubricating oil is supplied to a
supply conduit of the consumers. The oil can instead be
supplied directly through oil lines to the portions of the
consumers that is to be lubricated. Also other modifica-
tions than implied above can be made within the scope
of the claims.

What we claim is:

1. Lubricant furnishing system for a plurality of com-
pressed air operated devices (11-16) that are indepen-
dently supplied with compressed air through air supply
lines (17-—22) controlled by air supply valves (23-28),
comprising:

- a lubricant supp]y line (36-41) coupled to each air

operated device,

a plurality of pumps (29-33) for supplymg predeter-
mined metered flows of lubricant to the lubricant
supply lines,

normally closed shut-off valves (42-47) i in said lubri-
cant supply lines,

said pumps (29-33) providing said metered flows of
lubricant even when said shut-off valves (42-47)
are closed, . -

means (54) for sensing the air pressure in sald air lines
(17-22) downstream of the supply valves (23-28)
and for positively opening the respective shut-off
valves (42-47) in response to the sensed presence of
air pressure in the respective air lines being pressur-
1zed, |

pressure relief valves (48-52) at least some of which
are back pressure controlled check valves, con-
nected to the lubricant supply lines to permit the
respective metered flows of lubricant to escape
when the respective shut-off valves (42-47) are
closed, and

a common pressure relief valve (83) commonly cou-
pled to at least some of said back pressure con-
trolled check valves for controlling said check
valves. _
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2. Lubricant furnishing system according to claim 1
wherein said plurality of pumps are positive displace-
ment pumps which are operated in synchronism with
each other for constantly providing said metered flows

of lubricant even when said shut-off valves (42-47) are .

closed.

3. Lubricant furnishing system according to claim 2
wherein each of the positive displacement pumps
(29-33) comprise a plunger (64) in a housing (93), said
plungers being actuated by a common actuator (34)
having a predetermined frequency. |

4. Lubricant furnishing system according to claim 3
wherein the plungers (64) extend out of their housings
(93) so that their operation can be visually controlled.

5. Lubricant furnishing system according to claim 3
comprising an intermediate member (89) between said
actuator (34) and said plungers (64) which is visually
- controllable during its operation.

6. Lubricant furnishing system according to claim
wherein said intermediate member is a lever (89).

7. Lubricant furnishing system for a plurality of com-
pressed air operated devices (11-16) that are indepen-
dently supplied with compressed air through respective
air supply lines (17-22) controlled by air supply valves
(23-28), comprising: | )

a lubricant supply line (36-41) coupled to each air

operated device,

a plurality of pumps (29-33) in synchronism with one
another for supplying predetermined metered
flows of lubricant to the lubricant supply lines,

normally closed lift-type shut-off valves (42-47) re-
spectively in said lubricant supply lines,

said pumps (29-33) providing said metered flows of

lubricant even when said shut-off valves (42-47)

are closed, -
means (54) for sensing the air pressure in said air lines
(17-22) downstream of the supply valves (23-28)

and for positively opening the respective shut-off
valves (42-47) in response to the sensed presence of

air pressure in the respective air lines being pressur-
ized, and |

pressure relief valves (48-52) connected to the lubri-
cant supply lines to permit the respective metered
flows of lubricant to escape when the respective
shut-off valves (42-47) are closed, o

said normally closed shut-off valves (42-47) each
comprising a seat (56) and a valving element (54)
that is preloaded against said seat, said valving
element (54) forming an annular wall of an annular
chamber (59) around said seat (56) and comprising
said air pressure sensing means, said annular cham-
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ber (59) being connected to the respective supply
line for compressed air (17-22) and the respective
lubricant supply line (36-41) ending in said seat
(56), the pre-load of said valving element (54) being
large enough to prevent the oil pressure in said seat
(56) from lifting said valving element (54) off said
seat, and the pre-load of said valving element being
small enough that the air pressure in said annular
chamber (59) is able to lift said valving element (54)
off said seat (56) when the respective air supply line
(79) is pressurized.

8. Lubricant furnishing system according to claim 7
wherein at least some of said pressure relief valves are
back pressure controlled check valves (48-52), and
further comprising a common pressure relief valve (53)
commonly coupled to at least some of said back pres-
sure controlled check valves for controlling said check
valves.

9. Lubricant furnishing system according to claim 7
wherein said valving element comprises a membrane
(54) that is sealingly clamped in the valve body and
pre-loaded against the seat by means of a spring-loaded
member (55).

10. Lubricant furnishing system according to claim 9
wherein the membrane (54) is clamped in the valve
body by means of a sleeve (61) in which said spring-
loaded member (55) is slidable.

11. Lubricant furnishing system for a plurality of
compressed air operated devices (11-16) that are inde-
pendently supplied with compressed air through air
supply lines (17-22) controlled by air supply valves
(23-28), comprising:

a lubricant supply line (36-41) coupled to each air

operated device,

positive displacement pumps (29-33) for supplying

predetermined flows of lubricant to the lubricant
supply lines,

a common actuating means (89) coupled to and actu-

ating said pumps (29-33), and

a compressed air operated oscillator (34) having an

adjustable frequency, coupled to said actuating
means for controlling the frequency of said actuat-
ing means, the oscillator comprising a reciprocat-
ing piston (70,71,72) and a hydraulic damping cir-
cuit (62) for controlling the speed of the reciprocat-

~ ing piston. .

12. Lubricant furnishing system according to claim 11
wherein said common actuating means comprises an

actuating lever (89).
* * * % %
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